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FLOATING SPAR FOR SUPPORTING PRODUCTION RISERS 

RONDIN FLOTTANT DE SUPPORT DE COLONNES MONTANTES DE PRODUCTION 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200003112 Al 20000120 (WO 0003112) 

Application: WO 99US15423 19990709 (PCT/WO US9915423) 

English Abstract 

A subsea production system is provided for producing a number of subsea 
wells which may be arranged in groups. Each of the groups of subsea 
wellheads (36) is connected to deliver production flow to a subsea 
manifold (40, 42, 4 6) each connected to deliver production flow to a 
production riser (28) . A plurality of risers (28) extend from the subsea 
manifolds for groups of wells. A deep draft floating spar (10) is located 
above the wellheads (36) with mooring lines (14) and has a production 
paltform (12) located above the sea surface (11) and has buoyancy and 
ballast chambers (18) to control floatation. The spar structure defines a 
riser bore (22) receiving the risers extending from the subsea wellheads 
(36) to the platform (12) . The spar is also capable of being shifted 
laterally by mooring lines for positioning above a selected well to thus 
permit well intervention activities as needed. The subsea wells are each 
provided with wellheads having a removable cap (40) to permit ROV (54) 
actuated cap removal and replacement . 

French Abstract / 

L' invention concerne un syst/me de production sous-marine permettant de 
produire plusieurs puits souar-marins pouvant etre groupes . Chaque groupe 
de tetes de puits (36) sous^arines est relie de maniere a fournir un 
flux de production a un col/ecteur (40, 42, 46) sous-marin, chaque 
collecteur sous-marin etany relie de maniere a fournir un flux de 
production a une colonne montante (28) de production. Plusieurs colonnes 
montantes (28) s'etendent/a partir des collecteurs sous-marins vers les 
groupes de puits. Un ronofin flottant (10) a fort tirant est dispose 
au-dessus des tetes de npits (36) avec des lignes d'amarre (14) et 
comprend une plate-form« de production (12) situee au-dessus de la 
surface de la mer (11) Ainsi que des chambres (18) de flottaison et de 
ballast destinees a reyguler la flottaison. La structure de rondin definit 
un trou (22) de colonne montante logeant les colonnes montantes 
s*etendant a partir des tetes de puits (36) sous-marines vers la 
plate-forme. On peut/egalement deplacer lateralement le rondin au moyen 
de lignes d'amarre arfin de le placer au-dessus d'un puits selectionne, ce 
qui permet d'effectZer des interventions dans le puits si necessaire. Les 
puits sous-marins aomprennent chacun des tetes de puits dotees de 
couvercles (40) ampvibles pour permet t re un retrait et un remplacement du 
couvercle au moyea d'un vehicule actionne a distance (54) . 

Patent and Priority Information (Country, Number, Date) : 

Patent: / ... 20000120 

Fulltext Availability: 

Detailed Descrdiption 

Claims / 

English Abstracyc 

...of the groups of subsea wellheads (36) is connected to deliver 
production fiG.ow to a siibsea manifold (40, 42, 4 6) each connected to 
deliver profluction flow to a production riser (28) . A plurality of risers 
(28... / 



...The subsea wells are each provided with wellheads having a removable cap 

(40) to permit ROV (54) actuated cap removal and replacement. 
Publication Year: 2000 



Detailed Description 

Since a production spar is a floating vessel, each riser must be 
vertically tensioned to Imaintain its structural integrity. Hydraulic 
piston assemblies, electro-mechanical devices, and dashpots are some of 
the mechanisms used to maintain a constant tension while the spar is 
heaving or moving laterally (due to the ocean. . . 

...trees and manifolds through the spar to the production platform for flow 
control, test or maintenance work. The production risers from the 
subsea tree and manifolds may be flexible cables or... may utilize a light 
weight tree cap which may be deployed and recovered by a remotely 
operated vehicle ( ROV ) . 

Utilizing sxobsea technology, the costs of deepwater spars are reduced 
by reducing the number of risers between. . . 

...the individual well riser, requiring bigger buoyancy to support its 
weight . 

Other risers for pipeline pigging , well testing, and control 
(electrical/hydraulic line) cables to operate the subsea wells may also 

...Small intervention well control hardware can be run and suspended from 
the spar for periodic maintenance and workovers. 

Another object of the invention is the provision of such a spar subsea. . . 

...connected to a subsea wellhead and having a removable tree cap for 

removal by a remotely operated vehicle ( ROV ) to permit access to 
the subsea tree and subsea wellhead such as may be required. first 
positioned vertically over the subsea tree 3 8 as shown in Figure 2. A 
remotely operated vehicle ( ROV ) illustrated generally at 54 is 
normally utilized with the intervention riser system. Subsea tree cap 40 
is first removed utilizing the ROV . An 1 5 intervention system (not 
shown) is landed and locked onto the top of tree 38. The tree cap 40 is 
normally provided with a space for positioning of ROV 54 over cap 40 in 
an aligned position for removal of cap 40 and landing... 

...the intervention system onto tree 38. After the completion of the 

workover or other operation, ROV 54 picks up and reinstalls tree cap 40 
and tests the connection to insure pressure... 

...spar 10, the entire disclosure of patent no. 5,706,897 is incorporated 
by reference. ROV 54 may be controlled from platform 12 or a separate 
dive support vessel. 

While three . . . 
. . .be utilized. 

In the present invention, a floating spar production system utilizes 
subsea trees having ROV removable tree caps and connected by risers to 
subsea manifolds which, in turn, have production... 

Claim 

... after completion of said well intervention operations. 



3 The method of claim 2, wherein a remote operated vehicle ( ROV ) 

is provided for removal 

and replacement of removable wellhead caps, said method comprising: 

(a) actuating said ROV for removal of said removable wellhead cap from 

the selected 
wellhead; and 

(b) after completing said well intervention operation, actuating said 
ROV for replacing said removable wellhead cap to permit resumption of 
well production. 

4 The method. . . 

.manifold connected to receive production flow from each of the wellheads 
of said group and each of said subsea manifolds of said groups 

having a production 

riser extending through said riser bore, said method comprising... 

.system of claim 6, comprising: 

(a) said subsea wells being arranged in groups; 

(b) said sTobsea production manifolds each being connected to 

receive 

production flow from the wellheads of one of said groups of... 
.to permit well intervention activities; and 

(b) said removable cap being removable and replaceable by ROV 
controlled 

servicing activities. 

9 The subsea production system of claim 7, comprising: 
(a) said plurality ... stationing thereof above a 

selected wellhead intended for intervention; 

I I (d) a plurality of subsea production manifolds each being 

connected to receive 

production from a group of said plurality of wellheads; and 
(e. . . 

.system of claim 13, comprising: 

(a) said subsea wellheads being arranged in groups; 

(b) said subsea production manifolds each being connected to 
receive 

production flow from the wellheads of one of said groups of... 
.to permit well intervention activities; and 

(b) said removable cap being removable and replaceable by ROV 
controlled 

servicing activities. 

16 The subsea production system of claim 13, comprising: 
(a) said plurality. . . 
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OCEAN {2N) BOTTOM? ??0R SUBSEA OR SUB () SEA OR SEABED OR SEA (2N) BED OR MARINE 

52 6769122 CLEAN???? OR DEWATER???? OR DRY???? OR PIG???? OR INSPECT??? OR 
MAINT??????? OR EXPURGAT??? OR PURG???? OR PURIF??????? 

53 186463 HYDR0(2N)TEST???? OR HYDROTEST???? OR HYDROSTATIC OR HYDRO (2N) STATIC? OR 
WATERTEST??? OR WATER (2N) TEST???? OR LEAK???? (3N) RESIST???? OR PRESSURE(3N) LEAK???? OR 

PRESSURE (3N) FLAW?? 

54 13862220 PIPELIN???? OR PIPE (3N) LINE OR PIPE? ? OR VESSEL? ? OR AQUEDUCT? ? OR 
CANAL??? OR CHANNEL???? OR CONDUIT OR FLUID ( 3N) PASSAG???? OR MAIN? ? OR DUCT? ? OR TUBE? 
? OR PASSAG??? OR LINE? ? OR CHAMBER?? OR MANIFOLD??? OR PLATFORM??? OR 

OFFSHORE (2N) (TREES OR FACILITY) 

55 686627 PIG???? OR PI PELINE () INSPECT???? () (GAUG???? OR GADGET??) 

56 1189914 PUMP???? OR SIPHON???? 

57 84842 SV? ? OR SUBSEA (2N) VEHICLE? ? OR ROV? ? OR REMOTE?? () OPERAT??? () VEHICLE? 
? OR AUV? ? OR AUTONOMOUS () UNDERWATER 0 VEHICLE? ? 

SB 53309 (ROBOT?? OR MACHINE OR AI OR INTELLIGEN???? OR AUTOMATON OR COMPUTER???? 
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\l/9/e (Item 1 from file: 8) 

DIALOG (R) File 8 : Ei Compendex (R) 

(c) 2005 Elsevier Eng. Info. Inc. All rts. reserv. 

07437411 E.I. No: EIP05239142706 
Title: Deepwater developments 
Author: Graves, Les 

Source: Petroleum Review v 59 n 700 May 2005. 

Publication Year: 2005 

CODEN: PETRB2 ISSN: 0020-3076 

Language: English 

Document Type: JA; (Journal Article) Treatment: G; (General Review) 
Journal Announcement: 0506W3 

Abstract: The advantages of subsea remote flooding module (REM) 
developed by Norson to flood and pig pipelines and flowlines in water 
depths of almost 1,000 meter to clean and allow pressure testing are 
discussed. The module uses the available seawater pressure outside the 
pipe as a source of power and water to flood and pig the lines . The 
modular remote system is ROV friendly and removes the need for 
connection to a topsides vessel and helps in saving substantial costs 
and time. The REM uses rigid loading arm technology to reduce subsea 
connection times and also reduced thermal stabilization for hydrotest . j^aTB'^'^^ 
(Edited abstract) ^ 

Descriptors: *Off shore pipelines ; Atmospheric pressure; Oil well 
flooding; Filtration; Project management; Hydraulics; Costs; Risk 
assessment; Centrifugal pumps 

Identifiers: Norson (CO); Subsea pipelines ; Remote flooding module 
(REM) ; Thermal stabilization 

Classification Codes: 

511.2 (Oil Field Equipment); 619.1 (Pipe, Piping & Pipelines); 443.1 
(Atmospheric Properties); 511.1 (Oil Field Production Operations); 802.3 
(Chemical Operations); 912.2 (Management); 632.1 (Hydraulics); 914.1 
(Accidents & Accident Prevention); 618.2 (Pumps) 

511 (Oil Field Equipment & Production Operations); 619 (Pipes, Tanks & 
Accessories; Plant Engineering Generally); 443 (Meteorology); 802 
(Chemical Apparatus & Plants; Unit Operations; Unit Processes); 912 
(Industrial Engineering & Management); 632 (Hydraulics, Pneumatics & 
Related Equipment); 911 (Cost & Value Engineering; Industrial Economics); 
914 (Safety Engineering); 618 (Compressors & Pumps) 

51 (PETROLEUM ENGINEERING); 61 (MECHANICAL ENGINEERING, PLANT & POWER); 
44 (WATER & WATERWORKS ENGINEERING); 80 (CHEMICAL ENGINEERING, GENERAL); 
91 (ENGINEERING MANAGEMENT); 63 (FLUID FLOW; HYDRAULICS, PNEUMATICS & 
VACUUM) 



11/9/1 (Item 2 from file: 8) 

DIALOG (R) File 8 : Ei Compendex ( R) 

(c) 2005 Elsevier Eng. Info. Inc. All rts. reserv. 

07359225 E.I. No: EIP0517 9056027 

Title: Subsea deepwater flushing/ pigging / hydrotesting system 
Author: Anon 

Source: World Oil v 226 n 4 April 2005. 
Publication Year: 2005 
CODEN: WOOIAS ISSN: 0043-8790 
Language: English 

Document Type: JA; (Journal Article) Treatment: T; (Theoretical) 
Journal Announcement: 0504W0 

Abstract: The features of SAPPS, an intervention tool developed by 
Cybernetix for s\2bsea precommissioning of pipelines in water depths up 
to 2,500m, are discussed. The system is designed as a tool skid that can 
be fitted underneath any work class remotely operated vehicles ( ^OV ^fiJf^T^ 
) . The system filters seawater at ambient pressure and feeds it into the 
air-filled pipeline , thereby flooding the line and pushing the pig 
forward. For the free flooding phase, the system uses seawater 
hydrostatic pressure to fill the pipeline with water, while for flooding 
completion, although free flooding allows seawater filling over most of 
the pipe 's length, external energy has to be supplied to complete the 
operation. (Edited abstract) 

Descriptors: *Off shore pipelines ; Testing; Remotely operated 
vehicles / Flow control; Valves (mechanical); Filters (for fluids); Oil 
well flooding; Injection (oil wells); Corrosion inhibitors 

Identifiers: Hydrotesting systems; Cybernetix (CO); Precommissioning; 
Flow meters 

Classification Codes: 

539.2.1 (Protection Methods) 

511.2 (Oil Field Equipment); 619.1 (Pipe, Piping & Pipelines); 731.5 
(Robotics); 631.1 (Fluid Flow, General); 731.3 (Specific Variables 
Control); 601.2 (Machine Components); 4 45.1 (Water Treatment Techniques); 
511.1 (Oil Field Production Operations); 539.2 (Corrosion Protection) 

511 (Oil Field Equipment & Production Operations); 619 (Pipes, Tanks & 
Accessories; Plant Engineering Generally); 731 (Automatic Control 
Principles & Applications); 631 (Fluid Flow); 601 (Mechanical Design); 
445 (Water Treatment); 539 (Metals Corrosion & Protection; Metal Plating) 

51 (PETROLEUM ENGINEERING); 61 (MECHANICAL ENGINEERING, PLANT & POWER); 
73 (CONTROL ENGINEERING); 63 (FLUID FLOW; HYDRAULICS, PNEUMATICS & 
VACUUM); 60 (MECHANICAL ENGINEERING, GENERAL); 44 (WATER & WATERWORKS 
ENGINEERING) ; 53 (METALLURGICAL ENGINEERING, GENERAL) 



11/9/Xl (Item 6 from file: 8) 

DIALOG (R) File 8 : Ei Compendex (R) 

(c) 2005 Elsevier Eng. Info. Inc. All rts. reserv. 

06309316 E.I. No: EIP0309737 6731 

Title: Acoustic leak detection for underwater oil and gas pipelines 

Author: Barbagelata, Alessandro; Barbagelata, Luigi 

Corporate Source: Co. L. Mar, La Spezia, Italy 

Source: Sea Technology v 43 n 11 November 2002. p 39-44 

Publication Year: 2002 

ISSN: 0093-3651 
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Abstract: In the offshore industry, once a new oil or gas pipeline is 
completed it has to go through a check known as a " hydro - test " prior to 
commissioning. The pipeline is sealed and filled with seawater, and the 
internal pressure is raised up to a test value and then subsequently 
monitored. If pressure is observed to be decreasing, it indicates that the 
pipeline has a leak somewhere along its length. This can prove incredibly 
costly for the pipeline construction company, and, in general, clients 
will not accept pipelines until a hydro - test has been successfully 1>^'E ■ - 
completed. If hydro - testing determines that leaks are present, it is 
then important to locate the leaks as soon as possible in order to start 
repairs. Problems arise when trying to locate holes that can be only a few 
millimetres in diameter somewhere along possibly hundreds of kilometres of 

pipeline . This is particularly difficult if, as is often the case, the 
pipeline is either partially or totally buried in sediment. Work of this 
nature may take a long time, and time is expensive- especially if one has 
barges, vessels and personnel offshore. Traditional techniques for leak 
inspection consist of filling the pipeline with a solution of water and 
a chemically or optically detectable compound. The pipeline is then 
followed by an ROV equipped with either a dedicated sensor or a video 
camera, as appropriate. During numerous offshore surveys (in which our 
equipment was often used in parallel with these conventional techniques), 
we observed a number of limitations with traditional leak detection 
systems. The efficiency of these systems is a function of the 
concentration of the detectable component in the seawater in the area of a 
leak. Even in the case of a large leak, this concentration can be 
dramatically reduced by ambient conditions such as current flow, pipeline 
burial or water visibility. Furthermore, in the case of very small leaks, 
the flow rate is often too low to reach the threshold concentration of the 
systems, even when used in suitable ambient conditions. Several years ago, 
Co. L. Mar. was requested by a major oil company to research an alternative 
solution for underwater pipeline leak detection. In order to avoid the 
limits of the optical and chemical systems, an acoustic solution was 
investigated. Acoustic propagation is not dependent on current or 
turbidity, and the acoustic signal generated by a leak can be very strong, 
even if the source is a leak of relatively small dimensions. Acoustic 
signals generated by pipeline leaks are detected by a system comprised 
of a hydrophone array, a preamplifier and a cable driver. The underwater 
unit may be used in a variety of ways, such as on a vessel -towed fish, 
an ROV installation or in handheld mode by a diver. This last method of 
operation is particularly suited to inspection around flanges, valves, 
etc. The signal is brought onboard via cable where it is initially 
preconditioned prior to acquisition by a PC. Data is immediately 
processed, displayed and digitally recorded. The software visualises in 
various ways the results of the analysis of the signal along the track, 
allowing evaluation in real time of the evolution of the acoustic content 
and, therefore, the rising of components related to the leakage presence. 
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Abstract: This paper discusses the preliminary underwater testing of the 
ROV tooling and work packages developed for Norsk Hydro's Oseberg 
field. Final shallow water integration testing using the actual 
siibsea equipment was originally scheduled to take place in Dec. '87 or 
Jan. '88 but was delayed. Since all of the ROV tooling and interface 
work was complete at that time, it was decided to construct an 
underwater test fixture and carry out separate underwater testing of 
these items to prove their performance in an actual operational 
situation. This was done to ensure that the solution of any problems 
found during testing could be easily accomplished prior to mobilizing 
the equipment for the offshore installation phase. The tests were 
carried out at Oceaneering ' s facility in Stavanger, Norway in Nov. '87. 
This paper discusses these tests, their results and the conclusions 
reached about the tooling designs. In addition, a brief review of the 
ROV tasks, subsea equipment design, and intervention work package 
designs is given at the beginning of the paper to provide needed 
continuity to the test discussion. 
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Abstract: This paper describes engineering designs, installation 
particulars and learning points from development of the Mensa pipeline 
transportation system. The information presented will be of interest to 
engineers involved in design, construction or repair of offshore pipelines 
and subsea flowlines. The Mensa 12 inches multiplied by 63 miles 
interfield flowline was S-laid to a depth of 5300 feet. The second end 
was terminated at depth using a Pipeline End Manifold (PLEM). The PLEM was 
fitted with vertical connection hubs and a horizontal jumper was installed 
between the PLEM and the Mensa manifold. The flowline maximum allowable 
operating pressure (MAOP) varies with location and has been calculated 
considering maximum possible flow rates, pressure relief facilities and 
hydrostatic pressures. Damage during construction was repaired using 
shaped-charge cutting devices, ROV -operated lift frames, ROV -operated 
pipe recovery tools and ROV -operated pipe repair tools at 5000 feet. 
Seven miles of pipe from depths between 5300 feet and 4700 feet was 
recovered up the stinger by * reverse lay* and later reinstalled. Three 6 
inches multiplied by 5-mile long intrafield flowlines were initiated using 
stab and hinge tools and terminated with vertical hub PLEMs adjacent to 
subsea wells. The stab & hinge tools were deployed down an S-lay vessel 
stinger. The PLEMs were welded to the flowlines on the surface and the 
entire assembly was lowered into place. During raising/lowering sequences 
of pipe ends, with and without PLEMs, rotations in excess of 500 degree 
were observed. End cuts were made using a long baseline acoustic 
positioning system for reference. These repeatedly yielded actual positions 
within one meter of target. Each intrafield line was fitted with 15 lift 
frames at 500 ft intervals starting at the subsea wells. These were 
placed using a coordinated procedure involving lowering by cable and 
near-bottom ROV guidance. The purpose of these frames is to lift the pipe 
into the seaway to facilitate cooling of the produced gas. (Author 
abstract ) 
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Abstract (Basic) : WO 200348525 Al 

NOVELTY - Pressures during subsea well drilling operations in an 
earth formation are controlled by providing a weighted drilling fluid 
system that pumps fluid in the formation to provide hydrostatic 
pressure; performing first and second leak off tests; and performing 
drilling operations while maintaining pressure exerted by the 
drilling fluid between reopen and propagation pressure. 



DETAILED DESCRIPTION - Controlling of pressures during siibsea 
well drilling operations in an earth formation involves: 

(1) providing a weighted drilling fluid system in which fluid is 
pumped through a drilling string in the earth formation to provide a 
hydrostatic pressure, and return to up an annulus between a borehole 
created by the drilling string and a drilling riser, such that the 
drilling fluid is returned to atmospheric pressure, cleaned , 
measured, and reused; 

(2) performing a first leak off test by increasing pump pressure to 
determine a fracture opening pressure (FOP), unstable fracture 
propagation pressure (UGP) , fracture propagation pressure (FPP), or a 
fracture closure pressure for the earth formation (FCP) ; 

(3) performing a second leak off test by increasing pump pressure 
to determine a fracture reopen pressure; and 

(4) performing drilling operations while maintaining pressure 
exerted by the drilling fluid on the earth formation between fracture 
reopen pressure and fracture propagation pressure. 

USE - Used for controlling pressure during siobsea well drilling 
operations in an earth formation. 

ADVANTAGE - The process overcomes formation breathing occurring 
during the drilling of the subsea well while maintaining the 
hydrostatic pressure on the earth formation between the fracture 
re-open pressure and the fracture propagation pressure. Specifically, 
it permits drilling and well control operations to take place within 
the pressure range that will minimize damage to the formation while 
addressing problems associated with fracture breathing. 

DESCRIPTION OF DRAWING (S) - The figure is a graph showing the 
reaction of an earth formation in a drilling environment. 
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Technology Focus: 

TECHNOLOGY FOCUS - MECHANICAL ENGINEERING - Preferred Condition: 
The fracture propagation pressure is a maximum pressure under which the 
earth formation will continue fracture propagation in response to 
increased pressure , and the fracture re-open pressure is a pressure 
under which existing earth formation fracture will re-open in response 
to the pressure. 

Preferred Process: The pressure exerted by the drilling fluid on 
the earth formation is maintained by monitoring the pressure in the 
annulus; measuring drilling fluid volume; providing a choke and kill 
system, including choke, kill lines and manifolds , and during 
drilling operations and maintaining pressure applied on the earth 
formation such that FCP and FPP are defined by equations (1-4); and 
determining an equivalent circulating density (ECD) of the fluid, such 
that FCP and FPP may be defined by equations (5, 6) . 

DCHOKE X rhoCHOKE + (DTVD + DAIR - DCHOKE) x rhoFLUID + 
DELTAPCOMPRESSIBILITY more than FCP (1) 

DCHOKE X rhoCHOKE + (DTVD + DAIR - DCHOKE) x rhoFLUID + 
DELTAPCOMPRESSIBILITY less than FPP (2) 

PCHOKE + (DTVD + DAIR) x rhoFLUID + DELTAPCOMPRESSIBILITY more than 
FCP (3) 

PCHOKE + (DTVD + DAIR) x rhoFLUID + DELTAPCOMPRESSIBILITY less than 
FPP (4) 

ECD=(DTVD + DAIR) x rhoFLUID + DELTAPCOMPRESSIBILITY + 
DELTAPFRICTION more than FCP (5) 

ECD=(DTVD + DAIR) x rhoFLUID + DELTAPCOMPRESSIBILITY + 
DELTAPFRICTION less than FPP (6) 

DCHOKE=length of the choke line filled with a weighted fluid; 

rhoCHOKE=density gradient of the weighted fluid in the choke line 

DTVD=true vertical depth of the wall; 



DAI R=di stance between sea level and a rig floor supporting drilling 
operations; 

rhoFLUID=drilling fluid density in the well; 

DELTAPCOMPRESSIBILITY=downhole pressure increase attributable 

due to drilling fluid compressibility; 

DELTAPCHOKE=pressure applied to the choke line ; and 
DELTAPFRICTION=frictional pressure losses due to drilling fluid 

circulation 
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Abstract (Basic) : WO 200102693 Al 

NOVELTY - A gas lift umbilical (GLU) cable (10) comprises a 
flexible pipe having a collapse-resistant wall and a first sealing 
layer formed on the wall's interior surface which defines a 
longitudinal passage. Flexible gas lift hoses (16) are mounted within 
the longitudinal passage and extend from a first to a second end of the 
pipe. 

DETAILED DESCRIPTION - A gas lift umbilical (GLU) cable comprises a 
flexible pipe having a collapse-resistant wall and a first sealing 
layer formed on an interior surface of the wall which defines a 
longitudinal passage; and a core within the flexible pipe. The core 
includes a protective sheath that encases flexible gas lift hoses, 
shape-conforming standard fillers, wire rope fillers, and air hoses. 
The gas lift hoses within the longitudinal passage extend from a first 
end of the pipe to a second end. At least a portion of the hydraulic 
hoses is collapse resistant to hydrostatic pressure. Preferred 
Features: The umbilical further comprises a subsea (102) and a topside 



termination assembly; and a first and a second adapter joining a first 
and a second end of each hose to the subsea and topside 
termination assemblies, respectively. 

USE - For use in deep water subsea oil field operations. 

ADVANTAGE - The gas lift hoses of the inventive GLU cable can be 
constructed of standard hydraulic hoses which are less expensive than 
specialized hoses and which enable the use of standard hose fittings. 
The flexible pipe provides high hydrostatic pressure collapse 
resistance. The inner gas lift annulus will be sealed from seawater 
such that the inner components of the GLU cable are protected against 
corrosion and hydrostatic pressure. 

DESCRIPTION OF DRAWING (S) - The figure is a fragmentary side view 
illustrating the inventive subsea termination assembly. 

Gas lift umbilical (10) 

Gas lift hoses (16) 

Subsea termination assembly (102) 
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TECHNOLOGY FOCUS - MECHANICAL ENGINEERING - Preferred Components: 
The standard filler is adjacent each gas lift hose, and is conformably 
engaged between the pipe and the respective hose. The wire rope fillers 
extend between the first and second end of the pipe, and are attached 
adjacent the first end to the subsea end of the pipe. The air hoses 
within the longitudinal passage also extend from the first to the 
second end of the pipe. The air hoses have a length different from the 
other air hoses, and each is connected to a port in the topside 
termination assembly. The pipe further comprises a second sealing layer 
formed adjacent an exterior surface of the collapse-resistant wall. The 
subsea and topside termination assemblies are attached to the 
collapse-resistant wall. The collapse-resistant wall includes a 
tensile-bearing layer which has helically formed wires and which is 
attached to the subsea termination assembly. The wires are helically 
wound along the pipe. 

INORGANIC CHEMISTRY - Preferred Layer: The tensile-bearing layer is 
a helically wound layer of metallic strip material. 
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Acoustic leak detection for underwater oil and gas pipelines 

...or gas pipeline is completed it has to go through a check known as a " 
hydro - test " prior to commissioning. The pipeline is sealed and filled 
with seawater, and the internal pressure... 

. ; . f or the pipeline construction company, and, in general, clients will not 
accept pipelines until a hydro - test has been successfully completed. If 

hydro - testing determines that leaks are present, it is then important 
to locate the leaks as soon... 

...is expensive- especially if one has barges, vessels and personnel 
offshore. Traditional techniques for leak inspection consist of filling 
the pipeline with a solution of water and a chemically or optically. . . 

...L.Mar. was requested by a major oil company to research an alternative 
solution for underwater pipeline leak detection. In order to avoid the 
limits of the optical and chemical systems... 

...by a system comprised of a hydrophone array, a preamplifier and a cable 
driver. The underwater unit may be used in a variety of ways, such as on 
a vessel-towed. . . 

...in handheld mode by a diver. This last method of operation is 
particularly suited to inspection around flanges, valves, etc. The signal 
is brought onboard via cable where it is initially. . . 
CLASSIFICATION CODE{S) AND DESCRIPTION: ... MAINTENANCE ) 
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In the offshore industry, once a new oil or gas pipeline is completed it 
has to go through a check known as a "hydro-test" prior to commissioning. 
The pipeline is sealed and filled with seawater, and the internal pressure 
is raised up to a test value and then subsequently monitored. If pressure 
is observed to be decreasing, it indicates that the pipeline has a leak 
somewhere along its length. This can prove incredibly costly for the 
pipeline construction company, and, in general, clients will not accept 
pipelines until a hydro-test has been successfully completed. If 
hydro-testing determines that leaks are present, it is then important to 
locate the leaks as soon as possible in order to start repairs. Problems 
arise when trying to locate holes that can be only a few millimetres in 
diameter somewhere along possibly hundreds of kilometres of pipeline. This 
is particularly difficult if, as is often the case, the pipeline is either 
partially or totally buried in sediment. Work of this nature may take a 
long time, and time is expensive- especially if one has barges, vessels and 
personnel offshore. Traditional techniques for leak inspection consist of 
filling the pipeline with a solution of water and a chemically or optically 
detectable compound. The pipeline is then followed by an ROV equipped with 
either a dedicated sensor or a video camera, as appropriate. During 
numerous offshore surveys (in which our equipment was often used in 
parallel with these conventional techniques), we observed a number of 
limitations with traditional leak detection systems. The efficiency of 
these systems is a function of the concentration of the detectable 
component in the seawater in the area of a leak. Even in the case of a 
large leak, this concentration can be dramatically reduced by ambient 
conditions such as current flow, pipeline burial or water visibility. 
Furthermore, in the case of very small leaks, the flow rate is often too 
low to reach the threshold concentration of the systems, even when used in 
suitable ambient conditions. Several years ago, Co. L. Mar. was requested by 
a major oil company to research an alternative solution for underwater 
pipeline leak detection. In order to avoid the limits of the optical and 
chemical systems, an acoustic solution was investigated. Acoustic 
propagation is not dependent on current or turbidity, and the acoustic 
signal generated by a leak can be very strong, even if the source is a leak 
of relatively small dimensions. Acoustic signals generated by pipeline 
leaks are detected by a system comprised of a hydrophone array, a 
preamplifier and a cable driver. The underwater unit may be used in a 
variety of ways, such as on a vessel-towed fish, an ROV installation or in 
handheld mode by a diver. This last method of operation is particularly 
suited to inspection around flanges, valves, etc. The signal is brought 
onboard via cable where it is initially preconditioned prior to acquisition 
by a PC. Data is immediately processed, displayed and digitally recorded. 
The software visualises in various ways the results of the analysis of the 
signal along the track, allowing evaluation in real time of the evolution 
of the acoustic content and, therefore, the rising of components related to 
the leakage presence. 
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New methods detect subsea flow line leaks. 

Reviews the types of failures likely in subsea steel or plastic flowlines 
and umbilicals, and the methods used to locate and isolate leaks . Visual 
inspection , pressure and rate loss calculations, stethoscope tracing, 
and injection of liquefied carbon dioxide or chemical dyes... 

...are briefly described. Two relatively new methods, acoustic surveying 
and injection of radioactive pills or pigs , are discussed in more detail. 
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Reviews the types of failures likely in subsea steel or plastic flowlines 
and umbilicals, and the methods used to locate and isolate leaks. Visual 
inspection, pressure and rate loss calculations, stethoscope tracing, and 
injection of liquefied carbon dioxide or chemical dyes and tracers are 
briefly described. Two relatively new methods, acoustic surveying and 
injection of radioactive pills or pigs, are discussed in more detail. 
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LI 116715 S UNDERWATER# OR UNDER (2N) WATER* OR UNDERSEA* OR SEAFLOOR* OR 

L2 25183 S CLEAN### OR DEWATER#### OR DRY#### OR PIG#### OR INSPECT### 0 

L3 1669 S HYDRO (2N)TEST#### OR HYDROTEST#### OR HYDROSTATIC OR HYDRO (2N 

L4 58124 S PIPELIN#### OR PIPE (3N) LINE OR PIPE* OR VESSEL OR AQUEDUCT OR 

L5 2591 S PIG#### OR PIPELINE (W) INSPECT**** (W) (GAUG***# OR GADGET) 

L6 2987 S PUMP**** OR SIPHON**** 

L7. 1804 S SV OR SUBSEA ( 2N) VEHICLE OR ROV OR REMOTE** () OPERAT*** () VEHICL 

L8 16 S {ROBOT** OR MACHINE OR AI OR INTELLIGEN**** OR AUTOMATON OR C 

L9 264 S (INTERNAL*** OR INNER OR CORE) (3N) (PRESSUR**** OR STRAIN**** 

LIO 6 S HYDROSTATIC**** (5N) PIPELINE 

Lll 20 S SUBMERG**** (3N) PIPELINE 

L12 194 0 S (SECOND OR TWO OR BOTH OR TWIN OR 2 OR EACH OR 2ND OR DOUBLE) 

L13 473 S (RAIS#### OR INCREASE**** OR MAXIMIZ****) (3N) (PRESSURE) 

L14 5 S PIG(3N) (LAUNCH**** OR RECEIV**** ) 

L15 55 S LI AND L2 AND L3 

L16 1 S L15 AND L12 

L17 619 S LI AND L12 

L18 7 S L17 AND L7 

L19 0 S LIO AND Lll AND L12 

L20 2 S L15 AND L5 



